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A  FURTHER  CONTRIBUTION  TO  THE  KNOWLEDGE 
OF  THE  OPSONINS3 
BY CHARLES  E.  SIMON,  M.D., BALTIMORE. 
(From  the Laboratory  of Dr.  Charles E.  Simon.) 
In  a  previous  communication  I  have  drawn  attention  to  certain 
fallacies which attach to Wright's  method of estimating the opsonic 
content of the blood and  have  suggested  that  more  accurate  infor- 
mation  may  be  obtained  by diluting  the  blood  in  varying  propor- 
tions  and  by  determining  the  percelitage  of  phagocyting  cells  ?n 
the  resulting  preparations.  In  order  to  obtain  comparable  results 
I  proposed  the  use  of  maximal  numbers  of  bacteria,  as  a  matter 
of routine,  so that  deviations  from  the  normal,  in  either  direction, 
would be the  more  striking.  The  report  of the  work,  in  which  I 
was  assisted by Drs.  R.  V.  Lamar  and  Bispham,  was  submitted  to 
the  Rockefeller Institute  on the first  of March,  19o6.  Its publica- 
tion  was unfortunately  much  delayed and  it has  thus  far  appeared 
only in part. 2 
Since  that  time  Wright's  work  has  attracted  widespread  atten- 
tion  and  investigators  generally  have  been  following his  methods. 
In  the  further  prosecution  of  our  own  work  it  became  necessary, 
for purposes  of  comparison,  to  follow Wright's  technique  at  least 
in part,  and  above all  to  obtain  an  index  which  should  be directly 
comparable to  Wright's  index. 
After certain  preliminary  investigations  I  then  suggested that by 
comparing  the percentage  of phagocyting leucocytes in the  case of 
a  specimen of blood under investigation with the figure correspond- 
ing to a  specimen of pooled normal  blood serum, terming  the latter 
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value  I,  an  index  is  obtained  which  is  comparable  directly  to 
\Vright's index.  This index I  have termed the "percentage index," 
as  contrasted  with  Wright's  "bacillary  index."  Working  with 
Staphylococcus  aureus  enmlsions  prepared  with  special  care  and 
throwing  out of the counts  cells  which  had  manifestly  gotten  into 
clumps  (which  after  all  not  even  with  staphylococci  can  be  alto- 
gether  avoided)  I  could convince myself that  the percentage  index 
and  the  bacillary  index  may agree  to  the  second  decimal  and  that 
the results obtained with either method are directly comparable with 
each other.  This  fact having become established it was next ascer- 
tained  that  the  percentage  index  could  be used  as  a  direct  check 
upon the bacillary index.  It was necessary, however, to work with 
fairly  thin  emulsions,  viz.,  such  as  would  furnish  values  of  not 
nmch  more than  5o per cent.  for the normal  control blood, in cases 
at  least  in  which  the  bacillary  index  would  suggest  a  material  in- 
crease  of  the  opsonic  content.  A  normal  value  of  5o  per  cent. 
would allow for an increase of the patient's  blood to  IOO per cent., 
giving  a  maximal  percentage  index  of 2.  For most purposes  this 
is sufficient; otherwise the blood must be progressively diluted,  and 
the degree of phagocytosis in the diluted  specimens  compared  with 
correspondingly  diluted  normal  serum.  With  low  values,  on  the 
other hand,  the emulsions need not be so thin. 
A  few examples will illustrate the above points : 
Example /.--The  phagocytic  index of the patient was  3.90  and of  the normal 
control  4.88;  the  opsonic  "bacillary"  index  was  accordingly  0.79.  The  per- 
centage  of  phagocytosis  in  the  same  patient  was  60  and  of  the  control  76  and 
the  percentage  index  hence  0.78,  showing  the  close  correspondence  of  the  two 
indices  under  favorable conditions. 
Example II.--A patient's  phagocytic  index  was  5.11  and  that  of  the  control 
4.56;  the  opsonic  bacillary  index  therefore  was  1.o9.  The  pa{ient's  percentage 
was  79 and that of the control 72,  thus  giving a  percentage index of  1.o9, show- 
ing a  correspondence of the  two  indices  to  the second  decimal. 
\Vhile  with  especially  good  emulsions  of  staphylococci  the  two 
indices  may thus  agree very closely and  at  times  actually  coincide, 
deviations  are  frequently  met  with  in  routine  work  which  show 
beyond all  doubt that  Wright's  index,  when  not  controlled  by the 
percentage  index,  may  give  rise  to  erroneous  conclusions;  as  a 
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absurd, and I  have no doubt in the least that some of the phantastic 
curves  which  have  been  published  are  due  entirely  to  errors  of 
technique. 
Example  III.--The  tuberculo-opsonic  bacillary  index  in  a  case  of suppura- 
ting bubo,  in  association  with  chancroid  was  1.93, which  according  to  Wright 
would  have  suggested  a  tubercular  process  with  systemic  manifestations.  As 
a  matter  of fact there was  no  evidence whatever  of any tubercular lesion and 
the  percentage  index  was  normal,  viz. i.I8. 
Sometimes an increase of both indices shows that there is actually 
an increased degree of phagocytosis, but the occasionally enormous 
difference between  the  two  demonstrates  that  the  higher  bacillary 
index  has  been  in  part  at  least  owing  to  the  fact  that  leucocytes 
had  been  included  in  the  count  which  had  gotten  into  clumps  and 
had thus artificially raised the phagocytic and therefore the opsonic 
index.  This  error could  only have  been  avoided  if  in  the  normal 
control specimen a  corresponding number of leucocytes had  gotten 
into clumps of the same number of bacteria, which of course would 
have been  purely  a  matter  of  accident.  The  suggestion  naturally 
offers itself to exclude from the count cells  which  have manifestly 
gotten  into  clumps.  The  difficulty,  however,  would  be  to  decide 
where  to  draw  the  line,  which  naturally  would  be  more  or  less 
arbitrary.  Then again it would be necessary to eliminate negative 
(empty)  cells  to  counterbalance  the  discarded  positive  cells,  and 
the  question  would  arise  in  every  case  how  many  negative  cells 
would have to be thrown out  from the count for each positive cell, 
thus giving rise to further difficulties. 
Example IV.---The  staphylococcus percentage  index in  a case of sub-phrenic 
abscess was  1.46 and  Wright's  index 2.9, whereas  dilution  to  I:2o showed that 
there was  no  evidence of a  material  increase  of the  opsonins  whatever,  viz. 4 
per cent., as  compared  with 8 per cent.  on  the part of the control. 
It might  of course be argued  that  since  it  is possible at  times  to 
obtain  fairly homogeneous  emulsions  of organisms,  this  should  be 
possible  at  all  times,  and  that  accordingly no  control  of  Wright's 
index is necessary.  Practically, however, this  is  not possible,  even 
with  staphylococci,  and  much  less  so  with  other  organisms.  It 
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experienced  laboratory workers  cannot obtain  uniform and  corre- 
sponding  results  must  either  be  abandoned,  or  it  must  in  some 
measure be  controlled or  modified.  My experience  goes  to  show 
that the essential objection to Wright's method and the one which 
all  "opsonic" workers  realize  is  referable  to  the  difficulty, if not 
the impossibility, of obtaining uniform emulsions.  As I  have said 
with  staphylococci  this  is  relatively  small;  with  other  organisms 
it is  variable,  and with the tubercle bacillus almost, if not entirely 
unsurmountable.  Wright himself must  realize this,  as  he  has  re- 
peatedly changed his technique in this respect, and, it may be added, 
without  announcing  such  changes,  which  after  all  are  of  funda- 
mental  importance.  I  have  worked  with  extracted  and  non- 
extracted  tubercle  bacilli,  with  emulsions  in  o.I  per  cent.  and  1. 5 
per  cent.  saline, but  I  have never seen an emulsion yet which was 
free from clumps, a 
With other organisms still other difficulties enter into considera- 
tion.  With  the  colon  and  typhoid  bacilli,  for  example,  there  is 
usually such a  profound degree of destruction with  fragmentation 
and lysis of the organisms and coincident loss of reaction to stains 
even in normal blood, that a  count of the organisms in the  leuco- 
cytes must of necessity give rise to erroneous  results.  ]Even  with 
staphylococci one meets with specimens every now and then, where 
the staining is very defective and may not be possible at all.  I have 
seen  cells  filled  with  colorless  "shells"  of  staphylococci, where  a 
cursory examination would  only have  shown  one  or  two  stained 
organisms.  Counting under such circumstances would have led to 
the  most  absurd  conclusions,  as  is  shown  in  the  following table. 
The  specimens  were  sent  to  me  by  Dr.  North  of  the  College  of 
Physicians and Surgeons, New York, and were of the series which 
were  being  investigated by  different laboratories  for  comparative 
purposes  to  ascertain  the  value  of  Wright's  method.  As  normal 
control I  used the pooled blood of four healthy individuals. 
aDr. Cole tells me that he is now working with tubercle bacilli which after 
cultivation on  glycerine agar are  killed off by exposure to  sunlight, and  that 
with such material he has  obtained his  best results.  I  have not yet  had  an 
opportunity to examine preparations made with such emulsions. Charles  E.  Simon.  491 
TABLE  I. 
Specimen.  Wright's Index.  Percentage 
r  .86  .5I 
2  I.II  .75 
3  .8I  .44 
4  .9o  .64 
5  .88  .59 
6  .88  .55 
7  .90  .53 
8  i.o2  .52 
9  i.o2  .66 
io  i.o  .59 
I I  -95  '58 
I2  I.II  .58 
Inde~. 
The correctness of my conclusions in reference to the accuracy of 
Wright's  method will be borne out on examination by any one who 
will  carefully  compare  the  two  indices.  But  I  must  insist  that 
without the percentage method as a  check upon the bacillary method 
the  results  obtained  with  the  latter  cannot  be  regarded  as  trust- 
worthy. 
During the past winter I  had  Dr.  Knorr investigate this point in 
reference to the number  of leucocytes that  should  be counted,  and 
I  append  the  results  which  were  reached.  The counts  were  made 
with emulsions  of varying strength,  and  with  normal blood serum. 
The results  show  that  the percentage index fluctuates  far less  nor- 
mally  than  the  bacillary  index.  With  emulsions  containing  from 
666,000 to 2,000,000 organisms  per cubic millimeter the percentage 
method  yields  fairly  constant  results,  while  with  very thin  emul- 
sions it also becomes untrustworthy. 
TABLE  II. 
A.  Emulsion  of  e,ooo,ooo  cocci  per  c.mm. 
CelIs Counted.  Wright's Index.  Percentage Index. 
25  1.0O  Z.26 
5o  .97  i.oo 
75  .96  i.oo 
IO0  s.69  1.02 
I50  i.i6  I.I2 
200  1.23  1.20 
30O  I.I8  IAI 
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B.  Emulsion  of  666,666  cocci  per  c.mm. 
25  I.c~  5  I.I8 
50  1.32  1.16 
75  1.03  1.00 
100  1.25  1.02 
150  1.30  1.02 
200  1.12  .97 
300  i. i3  i.o4 
400  i.o6  1.00 
C.  Emulsion  of  222,222  cocci  per  c.mm. 
25  1.2o  .60 
50  1.62  1.14 
75  1.75  1.27 
100  1.75  1.26 
150  2.21  I.bO 
200  2. r5  1.70 
300  2.00  1.62 
D.  Emulsion  of  74,074  cocci  per  c.mm. 
25  0.66  I.OO 
5  °  0.50  0.62 
75  0.57  0.70 
IOO  1.14  1.26 
150  1.18  1.15 
200  0.95  0.96 
300  1.05  i.ii 
As  the  normal  variations  in  the  opsonic  index  according  to 
Wright may fluctuate between o.8o and 1.2o it would follow, taking 
the entire series of examinations, as it stands, that Wright's method 
gave  erroneous  results  in  5o  per  cent.,  while with  the  percentage 
method the percentage of error was 3  o.  Throwing out the weaker 
emulsions we would have 37.5 per cent. of error for Wright's index 
and only 6.2 per cent.  for the percentage index. 
The data further show that even a count of one hundred or more 
cells  is  no  safeguard  against  error,  and  that  with  the  percentage 
index a  count of fifty cells is  sufficient. 
The effect of the thickness of the emulsion upon the bacillary and 
percentage index is also shown in Table III, which at the same time 
illustrates  how  closely  under  favorable  conditions  the  two  will 
agree; it further emphasizes that the percentage index is a  valuable 
check upon the other. Charles  E.  Simon.  493 
TABLE  III. 
No. of Cocci 
per c.mm. 
3,750.0o0 
h865.o0o 
937.500 
468.750 
234.75 
No. of Cocci per 
Leucocyte 
(a) Patient.  (b) Pool. 
2.54  3.15 
1.68  1.9o 
1.26  1.36 
I.O2  1.78 
• 73  .71 
Percentage of  Phago-  ] 
cyting Cells in  /  Wright's 
--  --  I  Index. 
(a) Patient.  (b) Pool.  !  -- 
87  182  t.8o 
68  ]  7  °  ]  .88 
58  [  65  [  .90 
5  °  ]  45  ]  1.3o 
37  ]  33  [  LO2 
Percentage 
Index, 
.94 
.85 
.89 
l. II 
1.0  5 
Working with  the two  indices  side by side during  the  past win- 
ter,  I  found, as I  have  said before, that  under  favorable conditions 
the  two may coincide.  If  an  increase  or  decrease  of ~Vright's  in- 
dex  is  associated  with  an  increase  or  decrease  of  the  percentage 
index,  it may be assumed  that  such  an  increase  or  decrease  is  not 
due to  errors  of technique,  and  may be interpreted  as  actually  ex- 
pressing what Wright's  index  can  express.  If, on the  other hand, 
the one goes up and the other down, experience has taught  me that 
in  such  cases  the  percentage  index  should  be  accepted  in  lieu  of 
the other. 
It  will  be  noted  that  I  have  just  used  the  expression  " what 
Wright's  index  can  express."  I  do so advisedly,  for I  am  still  of 
the  opinion  elaborated  in  a  previous  paper,  that  Wright's  method 
does not furnish a  proper index of the quantity  of opsonic material 
which  is actually present,  and  I  still  insist that  the dilution  method 
gives  results  which  are  more  in  accordance  with  the  actual  facts. 
I  have pointed out that  conditions  may occur in which  the  opsonic 
content of two specimens of concentrated blood serum is apparently 
the  same,  but that  on progressive dilution  the  one rapidly  loses its 
opsonifying power,  while the  other  may retain  it to  a  marked  ex- 
tent.  This may be observed not only under pathological conditions 
but at times  also in  perfect health.  I  have  given examples  in  one 
of my previous communications  and  Amberg  4 has brought  out the 
same  point  in  his  studies  on  the  opsonic  content  of  the  blood  of 
infants. 
It may be objected that in my previous studies emulsions of con- 
stant bacterial content were not used, but this, I think,  is invalidated 
by the  fact  that  we always  used  maximal  amounts,  and  that  as  a 
consequence  variations  from  the  normal  are  brought  out  into 
~Amberg,  Your.  of  Amer.  Med.  Assoc.,  19o7, xlviii,  304. 494  CoJdribution  to  K~owledge  of  Opsoni,~s. 
bolder  relief.  After  my second  winter's  work  I  feel  as  confident, 
as I  did a year ago, that Wright's  method does not furnish  a  proper 
index  of the  opsonic content  of the  blood, and  I  am  aware  of the 
fact that  many of those who have  worked  upon the  same  problem 
have  reached  the  same conclusion.  I  am  not  willing,  however,  to 
discard  the  principle  of  the  matter,  but  would  urge  other  opsonic 
workers,  who  stand  ready  to  abandon  Wright's  opsonic  index,  to 
resume their  work once more,  using  my method  of dilution.  The 
avowed purpose of taking the  opsonic index,  aside from  diagnostic 
purposes,  is  the  idea  of  having  a  guide  to  dosage  and  frequency 
of  inoculation  in  the  treatment  of  diseases  by  means  of  bacterial 
vaccines.  All those who have  busied themselves with  this  subject, 
and  have  honestly  and  without  preconceived  ideas  investigated  it, 
are  no  doubt  ready  to  admit  that  the  introduction  of the bacterial 
vaccines marks an important  epoch in the advance of rational  thera- 
peutics.  The  point  at  issue  at  present  is  the  question  whether 
Wright's  opsonic  index  furnishes  the  desired  guide  to  dosage  or 
not.  I,  for one, am convinced,  as the result  of my own work, that 
in  the  majority  of  cases  which  Wright  has  suggested  as  suitable 
for  vaccine  treatment,  and  using  the  small  doses  which  he  has 
advised,  at  intervals  of  one  or  two  weeks,  such  treatment  can  be 
carried out without detriment  to the patient,  without the use of any 
index.  I  have never seen any " negative "  phases under  such con- 
ditions,  which  could  not  be  perfectly  well  explained  as  being  due 
to  unavoidable  errors  of  technique.  If,  however,  the  attempt  at 
immunization  be pushed  by materially  increasing  the  frequency  of 
the  injections,  or  by using  large  doses,  I  feel  that  harm  may  be 
done and  that  in  such eases even so coarse a  guide as  the  index  is 
better than  none.  To  be  sure  the  physical  signs  and  the  patient's 
general  condition  may furnish  some  indication  whether  the  dosage 
has been too high;  but I  am  a  little  doubtful in  my mind,  whether 
it is desirable to let matters come to such a point, where the physical 
signs and  the general  condition  of the  patient  tell us that  we have 
done harm,  even though  this be but temporary.  The  only " nega- 
tive "  phases that  I  have seen have occurred under  such conditions, 
and  I  feel  confident  that  the  result  could  have  been  avoided  had 
lower doses been used first and  controlled by the  index. 
The  following case  will  serve  to  illustrate  this  point. Charles  E.  Simon.  495 
A  little boy  of  eight,  the  subject  of  recurrent  epulis,  was  injected  with  575 
millions  of  Staphylococcus  aureus  on  Nov.  2oth;  his  index  on  the  I3th  had 
been  .62  (bacillary)  and  .8o  (percentage);  on  the  ISth  it  was  1.4  (bacillary) 
and  I.O  (percentage),  and  on  the  day  of  the  injection  1.6  (bacillary)  and  I.I 
(percentage).  During  the  night  of  the  2oth  to  the  2ISt  his  temperature  rose 
to  lO3 °,  followed  by  a  profuse  sweat,  and  on  the 27th the  index had  dropped  to 
•  3o  (bacillary)  or  .45  (percentage).  By  December  4th  the  two  indices  had 
risen  again  to  .8o  and  .90  respectively,  and  on  the  Ilth  they  were  I.O  and  .8o. 
On  that  day  an  injection  of  6oo  millions  was  given,  which  was  followed  by  a 
drop to  .io and .22  respectively  (see  Curve  I). 
FIG.  I.  Solid  line indicates the bacillary index;  dotted  line indicates the per- 
centage  index. 
Drops  in  the  opsonic  index  such  as  these,  following  upon  the 
injection  of bacterial  vaccines,  occur very rarely  in  nay experience, 
if small doses are used.  They do occur, however, and I  personally 
have the conviction, that it cannot be a  matter of indifference to the 
patient,  if  his  phagocytic  power  is  practically  brought  to  nil,  and 
especially  so  in  those  infections  in  which  the  process  of  phagocy- 
tosis  is  one of the  main  stays  of resistance. 
During  the  past  winter  I  have  had  occasion  repeatedly  to  use 
bacterial  vaccines  in  acute  staphylococcus  infections,  and  I  may 
add,  at times  with very good results.  The  clinical  course in  these 
cases made it  clear  that  injections  given a  week apart  would have 
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the  mechanisnl  of  immunization  by  pushing  the  vaccine.  The 
question  naturally  was  what  guide  to  dosage  should  be  used,  and, 
in  lieu  of  a  better,  the  opsonic  index  was  followed.  These  cases 
will be  reported  in  detail  at  another  occasion,  but  it may  not  be  out 
of  place  to  cite  at  least  one. 
The patient was a young women of about  twenty-five, who a  week after child- 
birth  was seized with a  chill with a  temperature  elevation to  IO4.I ° ; the next day 
she  had  another  chill with  a  temperature  of  lO4 °.  From  this  day  her  tempera- 
ture varied between lol ° and  lO5  °.  I  saw her for the first time on the evening of 
Jan.  2Ist,  eight days  after  the  onset  of the  fever.  At that  time  the  temperature 
was  lO4.8°;  she  was  quite  somnolent  and  made  the  impression  of  a  very  sick 
woman.  The  physician  in  attendance  had  isolated  Staphylococcus  aureus, 
and  she  was  accordingly  injected  with  aureus  vaccine.  One  thousand  millions 
were  given on the  evening of the 2Ist  and  another  dose the  following morning. 
Her  temperature  promptly  came to  normal  and  remained  so  until  the 26th.  On 
that  day  and  the  following there  was  an  evening  rise  to  lO2.5  °.  She  received 
75o  million cocci on the evening of the 27th, and  the same  dose  on  the  morning 
of the 28th.  Her temperature  promptly  again  came to  normal  and  remained  so. 
Her  index  (percentage)  at  the  time  of  the  first  injection  was  .95;  the  next 
morning  I.O  (no  negative  phase)  and  on  the  23d, viz.  36  hours  after  the  first 
and  24 hours  after  the  second  injection,  1.9o.  The  further  course  is  seen  in  the 
curve  (Curve  II). 
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dotted  line is the opsonie curve. 
I  have  been  surprised  to  see  to  what  extent  the  injection  of  the 
staphylococcus  vaccines  can  be  carried  in  some  cases,  and  mani- 
festly  not  to  the  detriment  of  the  patient.  In  one  of  my  acute Charles  E.  Simon.  497 
cases  i,ooo,ooo,ooo,ooo  were  injected  within  a  week,  and  I  may 
add without the appearance of a  negative phase, and with an excel- 
lent effect upon  the patient's  condition  (staphylococcus septic~emia 
with  multiple  abscesses).  Nevertheless  I  hardly  feel  willing  to 
carry the injections to such a point without some guide, better than 
the  physical  signs  and  the  patient's  general  condition,  and  I  feel 
convinced that the opsonic index  in  such cases is  of  service.  But 
I  repeat once more with small  doses,  such as Wright recommends, 
administered at intervals o[ a week or two in chronic, well localized 
injections  the  @sonic  index is  o[ little, i[ any real value,  either as 
a guide  to dosage or to  the time and [requency  o[ inoculation. 
THE  SPECIFICITY  OF  THE  OPSONINS. 
As  regards  the  specificity of  the  opsonins  my earlier  investiga- 
tions led to the conclusion that under normal conditions at  least a 
specificity of  the  opsonins  does  not  exist, ~ and  I  suggested  then 
that  it  is  quite  conceivable that  as  a  result  of  infection,  viz.,  im- 
munization  substances  may  be  produced  either  de  novo,  or  in- 
creased in  amount,  if preexistent,  which may so influence a  given 
organism that  under the  subsequent  action of a  common non-spe- 
cific opsonin,  it  is  taken  up  in  larger  or  smaller  numbers,  as  the 
case may be. 
During the past winter I  have repeated many of the experiments 
of the previous year, to  eliminate possible  errors of technique, but 
have been forced to the same conclusion, viz.,  that  the opsonins  of 
normal  blood  serum  are  non-specit~c. 
This conclusion is based upon absorption experiments which were 
analogous to those previously reported.  Since some of the organ- 
isms,  however,  and  notably  when  relatively  avirulent,  are  taken 
up by the leucocytes already in physiological salt solution  (Bacillus 
subtilis,  Bacillus pyocyaneus, Bacillus coli), and since some of Bul- 
loch  and  Western's  ¢  contrary  results  may  possibly  be  explained 
upon  this  basis,  I  chose  only  such  organisms  which  had  recently 
been  isolated  from  infected  individuals.  Working  with  these  I 
could find no evidence whatever that absorption of the opsonins for 
one organism leaves opsonins  for other organisms behind.  To be 
~Your.  of Exper.  Meal. 19o6, viii,  651. 
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sure I  never carried  the absorption  to a  point where opsonic action 
ceased altogether, but in all cases there was a marked drop  for both. 
Example  /.--About 0.5  c.c.  of normal blood serum was  inoculated with  one- 
half  of  a  twenty-four  hour  staphylococcus  agar  culture,  and  incubated  for 
twenty  minutes  at  37 ° C.  The  percentage  of  phagocytosis  before  inoculation 
vcas  ioo for the  staphylococcus and  9o  for  the colon bacillus.  After  incubation 
the  serum  was  centrifugalized at  high  speed  for one hour,  the  supernatant  fluid 
transferred to  a  new tube and centrifugalized for  an  additional  half  hour.  The 
percentage of phagocytosis, for the same emulsions, was then 6o  for the staphylo- 
coccus and  5o  for the colon bacillus. 
Example  II.--In  another  experiment  the  values  before  absorption  were  64 
for  staphylococcus and  96  for  colon,  and  44  and  4o  respectively after  absorp- 
tion with the staphylococcus. 
Example  III.--]n  this  instance  the  staphylococcus value  before  inoculation 
with  staphylococci  was  96  and  the  colon  value  64,  while  at  the  end  of  the 
experiment they were  16  and  2o  respectively. 
While  my  results  thus  do  not  agree  with  those  of  Bulloch  and 
Western  it  is possible, as I  have pointed out,  that  the phagocytosis 
which they noted  for the  non-absorbing  organism  after  absorption 
with the other,  may have been due to non-virulence of the bacteria 
used  and  consequent  spontaneous  phagocytosis.  In  one  class  of 
his experiments Bulloeh uses Bacillus pyocyaneus after absorption of 
the  serum  with  staphylococci,  and  finds  that  the  serum  has  lost 
its  opsonic  power  for  the  staphylococcus,  while  that  for  the  pyo- 
cyaneus  is  preserved.  This  is  not  at  all  surprising  since  labora- 
tory cultures of the pyocyaneus are taken up very readily in physio- 
logical  salt  solution. 
I  have not used the tubercle bacillus in my experiments,  as living 
virulent  organisms  were  not  available. 
Bulloch's  observations  that  inoculation  of  a  human  being  with 
tuberculin  or  with  staphylococcus vaccine  causes a  quantitative  in- 
crease  in  the  tuberculo-  and  staphylococcus  opsonins  respectively, 
while  the  staphylococcus and  tubercle opsonins  in  turn  remain  un- 
altered,  are not well adapted  to either  prove or  disprove the  point 
at  issue.  As  a  result  of  the  injection  of  bacterial  vaccines  the 
entire  immunization  mechanism  of the body is thrown  into  activity 
and  immune  opsonins possibly formed  at the  same  time.  So long 
as  the  identity  of normal  and  " immune "  opsonins,  however,  has 
not been proven it seems to me that conclusions based upon the for- Charles  E.  Simon.  499 
mation  of  the  latter  are  not  applicable  in  the  discussion  of  the 
specificity  of  the  opsonins  of  normal  serum.  I  should  like  to 
remark  nevertheless that  the  injection  of either  tubercle or staphy- 
lococcus vaccine  in  the  small  doses recommended  by Wright,  does 
not necessarily  cause  an  increase  in  the  opsonic  index  in  reference 
either to the one organism  or the other. 
Example, I.--Mr.  C.  medical  student.  Staphylococcus  index  on  Jan.  29th 
was  .90.  He  was  injected  with  75o  millions  of  staphylococci  on  Jan.  3oth  and 
on  Dec.  2d  the  index  was  1.15. 
Example  II.--Mr.  R.  Staphylococcus  index  on  Jan.  Ioth  .95;  injection  of 
700  million  staphylococci;  index  on  the  I2th  I.O4. 
Example  ///.--Miss  R.  Tubercle index on Jan.  29th .83;  injection of  I/iOOO 
mgrm.  of tuberculin on the 3oth;  index on Feb.  2d .9  O. 
These  observations thus  do  not  tend  to  bear out the  correctness 
of  Bulloch's  view  that  the  opsonins  of  normal  serum  are  specific 
and my experiments  on the blood of different animals,  not  only of 
different  species but  of the  different  classes  of  vertebrates  in  gen- 
eral,  in  all  of  which  I  could  demonstrate  the  presence  of opsonins 
for  various  organisms,  similarly  point  to  the  same  conclusion. 
Particularly  striking  is  the  fact  that  in  the  lower classes  of  verte- 
brates  I  could demonstrate  the  presence of opsonins  for organisms 
with which infection  does not occur in  these animals.  I  recall the 
marked opsonifying power of the blood of the terrapin,  of the frog 
and of fowls for Staphylococcus citreus, as an example. 
Passing  from the consideration  of the  specificity of the opsonins 
in normal blood to that of the blood in the infected individual there 
is  evidence  to  show  that  here  actual  specificity  may  exist,  but  I 
must  add,  does not necessarily  exist.  While  under  normal  condi- 
tions  the opsonic content  of the blood varies  within  relatively nar- 
row  limits,  the  variations  in  infections  are  much  wider.  These 
limits,  so far as the "  index "  goes, Wright  and his coworkers have 
placed  at  0.8  and  1.2.  My  inclination  would  be  to  extend  them 
somewhat  more,  for  I  have  found  indices  as  low  as  0.70  and  as 
high  as  1.25  in  individuals  who  showed  no  evidence  whatever  of 
any infection.  At the  same time  I  must  admit  that  this  is  excep- 
tional.  This  question  is  an  important  one  in  deciding  from  how 
many individuals  blood should be taken  to make  up a  normal  con- 
trol  serum.  I  had  Dr.  Knorr  investigate this  point with the result 500  Coutributio~  to  K~wwiedge of  Opso~dus. 
shown  in  the  accompanying  table.  Dr.  Knorr's  blood  served  as 
patient's  blood  and  was  controlled  by  the  pooled  blood  of  an  in- 
creasing number of supposedly normal individuals.  Dr.  K.'s phag- 
ocytic index for staphylococcus emulsion  was  1.14;  the percentage 
of phagocytosis was  56. 
• TABLE  IV. 
No. of Persons  Per Cent. of  Phagocytic 
Furnishing Control  Phagocyting  Index. 
Blood.  Cells. 
I 
2 
3 
4 
5 
6 
7 
8 
9 
IO 
62 
57 
60 
56 
64 
7x 
58 
60 
68 
71 
1.2  4 
1.18 
1.42 
1.16 
1.19 
1.52 
I. II 
1.40 
1.48 
1.52 
Bacillary  Percentage 
Index.  Index. 
o.9t  0.9  ° 
o.96  o.98 
o.8o  o.93 
0.98  I.OO 
0.95  0.87 
o. 75  0.79 
LOO  0.96 
o.8I  0.93 
0.77  0.82 
0.75  o.79 
From this table it is clear that it is usually not necessary to make 
up a pooled serum from many individuals, and for routine work the 
serum  from  one  normal  person  is  really  sufficient,  providing  that 
this has been  previously and repeatedly tested to exclude the possi- 
bility of its being normally either unusually high or unusually low. 
The  serum  of women  during the menstrual  period  cannot be  used 
as control  serum,  as  the index during that time is  abnormally low 
(see  Table  V). 
TABLE  V. 
Percentage Index. 
A  ..............................................  0.57 
B  ..............................................  o.54 
C  ..............................................  0.53 
D  ..............................................  o.24 
E  ..............................................  o.72 
F  ..............................................  0.54 
As the lowered index does not affect one single species of organ- 
isms,  but  seems  to be  general,  this  fact  also might be  adduced  as 
further  supporting  the  view  of  the  non-specificity  of  the  normal 
opsonins at least.  It is  quite  conceivable, considering the more  or 
less  uniform  occurrence  of constitutional disturbance  at  that  time, 
that  substances  may be  circulating in  the  blood  which  produce  an 
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While  then  the  opsonic  index  in  normal  individuals  (barring 
women  during  the  menstrual  period,  and  the  exceptional  individ- 
uals  of whom  I  have  spoken)  varies  within  comparatively  narrow 
limits,  most  remarkable  deviations  from  the  normal  figure  may be 
met  with  in  disease.  In  their  earlier  work  Wright  and  Douglas  7 
reported  a  series  of  staphylococcus  infections  (furunculosis,  syco- 
sis,  acne,  etc.)  in  all  of  which  the  opsonic  index  was  abnormally 
low, ranging  from o.I  to o.87.  They add that they have not come 
across any instance of the association of a  normal phagocytic power 
with  a  staphylococcus infection.  Analogous  results  were  obtained 
in cases of tuberculosis.  In one series of seventeen cases the values 
ranged  between  o.4  and  o.85,  including  cases  of  tubercular  peri- 
tonitis,  laryngeal phthisis,  psoas abscess, lupus, pulmonary phthisis, 
etc.  In  a  series  of  twenty-five  cases  of  pulmonary  tuberculosis 
other  than  the  acute  form,  Lawson  and  Stewart  s  also  found  low 
figures,  on  the whole,  although  in  some the  values were but  little, 
if at all, below the normal  average, viz., o. 5 to  I.O. 
Subsequently  Wright  pointed  out  that  low  values  are  the  rule 
in  strictly  localized  infections,  while  in  systemic  infections  abnor- 
mally high  values may be observed. 
As the index in the various infections shows deviations  from the 
normal  which  usually  only  affect the  offending  organism,  and  as 
the  injection  of bacterial  vaccines  in  such  cases  has  a  direct  effect 
upon  the  corresponding  bacterial  index,  Wright  and  his  colaborers 
conclude that  these facts  indicate  that  the  opsonins  in  the  infected 
organism  are  specific.  As  they  do  not  admit  that  a  material  dif- 
ference exists between the opsonins of normal  serum and the serum 
of infected individuals  they further  conclude that  the normal  opso- 
nins  also are specific.  I  have pointed out that  there is no satisfac- 
tory evidence to support this  view. 
In  studying the question of the specificity of the  opsonins  in  the 
infected  organism,  which  we  shall  refer  to  for  the  present,  as  a 
matter  of convenience,  as  "  immune  opsonins,"  a  series  of absorp- 
tion  experiments  were undertaken  which  were perfectly analogous 
to those described before, but in  which  the  serum  of infected indi- 
' Wright and Douglas, Proc.  Royal Soc.,  I9o4-5, lxxiv,  I47. 
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viduals was exhausted,  viz., of persons and  animals  which had  been 
treated with bacterial vaccines.  My experiments thus far have ref- 
erence  largely  to  staphylococcus  and  typhoid  infections,  but  in 
neither could I  find any evidence that absorption  with one organism 
removed  a  homologous  opsonin  and  left  a  heterologous  opsonin 
behind.  Working  with  dried  and  pulverized  tubercle  bacilli,  on 
the one hand,  and  staphylococci,  on  the  other,  I  have obtained  re- 
sults  which  corresponded  in  a  way to those  of  Bulloch,  viz.,  after 
absorption  with staphylococci I  occasionally found a  slightly higher 
value for the  tubercle bacillus  than  for the  staphylococcus.  If the 
experiment  was  reversed,  however,  the  tubercle  value  was  still 
higher.  This leads me to think that the causes of the higher  reten- 
tion  lay  in  the  powdered  bacilli  and  not  in  the  serum,  and  that  a 
different  result  might  have  been  reached,  if  live  virulent  tubercle 
bacilli  had  been  used  instead.  But,  as  I  have  said,  such  were not 
available at  the  time.  As  far  as they go,  however,  my absorption 
experiments  do  not  bear  out  the  existence  of  specific  " immune " 
opsonins. 
A  further  argument  which  has  been advanced  as  supporting  the 
idea  of  the  existence  of  specific  opsonins,  has  reference  to  the 
greater  thermolability  of  the  normal  opsonins  as  contrasted  with 
the therlnolability  of the opsonins  of "  immune "  sera.  \Vright,  to 
be sure,  does not  admit  that  a  material  difference  exists  between 
the two, for he says :9 ,, Manifestly the plain teaching of our experi- 
ments  is,  that  the  opsonin  which  is  found  in  the  heated  immune 
serum  of  a  patient  who  has  responded  to  tubercular  infection  (I 
assume  that  his  remarks  would  apply  to  any  other  infection  in 
which  phagocytosis  plays  a  role),  or  as  the  case  may  be  to  the 
inoculation  of  a  tubercle  vaccine,  does  not  differ,  with  respect  to 
its resistance to heat and sunlight,  from the opsonin which  is  found 
in the unheated normal serum.  A  precisely similar conclusion with 
respect  to  the  identity  of  the  opsonins  found  respectively  in  un- 
heated  normal  and  heated  immune  sera ....  " 
Other observers do not agree with Wright in his assumption that 
the  opsonins  of  normal  and  immune  sera  are  identical,  notwith- 
standing  his  attempted  explanation  to this  end.  He himself,  how- 
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ever,  manifestly  attaches  special  significance  to  the  fact  that  the 
opsonins  of  immune  sera  may  be  thermostable,  or,  as  it  would 
possibly  be  better  to  say,  that  they  contain  a  thermostable  com- 
ponent.  The  fact that  he suggests  that  the  thermostability  of the 
opsonin  toward a  single organism  may be used  for diagnostic  pur- 
poses shows that in his mind this thermostability is intimately asso- 
ciated  with  the  question  of  specificity.  In  two  tables  he  gives 
examples  illustrating  the  thermostability  of  the  opsonins  toward 
the tubercle bacillus and introduces  them with the remark  that  they 
represent  a  typical  selection  from  a  very extensive  body of  obser- 
vations  which  furnishes  the  basis  for  the  preceding  statement  as 
follows:  " When  a  serum  is  found  to  retain  in  any  considerable 
measure, after it has been heated to  6o °  for ten minutes,  its power 
of  inciting  phagocytosis,  we may  conclude  that  ' incitor  elements' 
have  been  elaborated  in  the  organism,  either  in  response  to  auto- 
inoculations  occurring  spontaneously  in  the  course  of  tubercular 
infection,  or  as  the  case may be,  under  the  artificial  stimulus  sup- 
plied  by  the  inoculation  of  tubercle  vaccine."  This  is  important, 
as  Wright  himself  thus  restricts  the  drawing  of any diagnostic  in- 
ferences  from  absence of  thermostability.  It  is  remarkable,  how- 
ever,  on  the one hand,  that  many cases do occur in whom there  is 
every evidence of systemic infection,  without thermostability  of the 
opsonins,  and  that  thermostable  opsonins,  on  the  other  hand,  may 
be found in persons in whom there is no evidence of infection. 
TABLE  VI. 
Showing  a  series  of  cases  in  which  active  phagocytosis  was  not  obtained 
after  heating  the  sera  for  IO minutes to  6o  ° C. 
Number. 
Miss R. 
Mr.  G. 
Mr.  G. 
Mr.  B. 
Miss M. 
R. 
Miss Sch. 
Miss Sch. 
G. 
Z. 
M.D. 
X. 
Nature of Infection. 
Vesical  tuberculosis. 
Tuberculosis of cmcum. 
Tuberculosis o.f c~ecum. 
Renal tuberculosis. 
Tubercular conjunctivitis. 
Staphylococcus suppuration. 
Staphylococcus septica~mia. 
Staphylococcus  septicmmia. 
Abscess of finger  (staph.) 
Drained pelvic abscess ( staph. ) 
Tubercular hipjoint. 
Tubercular elbow joint. 
Unheated 
Bacillary 
Index. 
"57 
I. IO 
'95 
.75 
"53 
.O8 
2.36 
L63 
1.36 
1.2 
Serum 
Percentage 
.66  -- 
.9 I 
LoS 
.80 
.8I 
.94 
.27 
1.53 
i.-,6 
I. 20 
.9 
.85 
Heated 
Bacil.  I 
Index. 
.08 
.I7 
o 
.03 
,03 
.o8 
.o6 
.o6 
o 
~erum 
Percent, 
Index. 
o 
.03 
.25 
o 
•  o  9 
.20 
.II 
.26 
.06 
.06 
o 
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Of cases  in  which  marked  thermostability  was  observed without 
any evidence of infection  of any kind  I  may mention  two.  In  the 
first there was from time to time hmmaturia  of slight grade without 
any apparent  cause.  The  patient  was examined  in  great  detail  by 
Dr.  H.  A.  Kelly, with  negative  result;  tubercle bacilli  could not be 
demonstrated  in  the  urine;  an  injected  guinea-pig  remained  well 
and  the tuberculin  test was negative.  The tuberculo-opsonic index 
on three  successive days varied  between .52  and  I.io;  correspond- 
ing to the latter value the index with the heated serum was -39. 
In the second case there was likewise no evidence of tuberculosis 
with the usual methods of examination;  the tuberculo-opsonic index, 
however, varied  between .36 and  1.6 with  the unheated  serum  and 
between  .26  and  .45  with  the  heated. 
In  studying  these  negative  cases  and  contrasting  them  with  my 
positive cases and with those of Wright,  I  cannot help but feel that 
in some of the positive cases the reaction in question is specific, but 
that  in  the  negative  cases we are  dealing  with  normal  non-specific 
opsonins.  The  difficulty may lie  in  our present  inability  to  differ- 
entiate  between infection  per sa without  immunity  production  and 
infection associated with  immunity production.  This  is  even more 
so the case when we study the opsonic index toward a  given micro- 
organism  from the standpoint  of differential  diagnosis,  aside  from 
the  question  of thermostability.  Wright's  conclusions  that  devia- 
tions  from  the  normal  values  may  be  interpreted  as  evidence  of 
infection  with  the  homologous  organisms  suggest  very  strongly 
that a  specificity exists, but it is difficult to understand,  on the other 
hand,  why so  many  cases  of  infection  do  not  show  any  material 
deviation  from  the  normal  and  cases,  moreover,  in  whom  there 
could be no doubt that  systemic reaction was going on.  Table VII 
shows a  series of such cases. 
In  one  case  of  acute  staphylococcus  septica~mia  which  ended 
fatally  on  December  15  and  in  which  daily  observations  had  been 
made since December 8,  an abnormal  index was only noted on two 
occasions,  viz.,  .40 on  December 8  and  z.o  on  the  twelfth;  on  the 
remaining  days the values were entirely normal. 
While my observations bear out the correctness of Wright's  con- 
clusions  in  a  general  way,  that  deviations  from  the  normal  for  a Charles  E.  Simon.  505 
TABLE  VII. 
Showing  a  series  of  cases  of  both  localized  and  systemic  infections  in 
which  no  material  deviation from  the  normal-homologous index was  obtained. 
Name.  Disease.  Percentage Index. 
Miss W.  Acne  .............................................  I.O 
Mr.  B.  Renal  tuberculosis  ................................  1.25 
Mr.  G.  Tuberculosis of the c~ecum ........................  1.25 
L.B.  Glandular  tuberculosis  undergoing  treatment  with 
with  tubercle vaccine  ............................  9o 
S.  Tubercular hipjoint  ...............................  I.IO 
J.  Tubercular hipj oint  ................................  87 
C.  Suppuration following operation  ...................  i.oo 
Dr.  S.  Furunculosis  ......................................  75 
Sp.  Suppuration following burns  .......................  93 
R.  Suppuration following operation  .....................  94 
W.  Staphylococcus  abscess  of neck  .....................  88 
J.  Suppurating bubo  ..................................  81 
W.  Tubercular adenitis  ...............................  1.18 
F.  Staphylococcus  septicmmia  (multiple abscesses)  .....  9o 
L.  Staphylococcus  septic~emia  .........................  95 
given  organism  may  be  regarded  as  important  evidence  from  the 
standpoint of  differential diagnosis,  normal  values  can  manifestly 
not be interpreted as  excluding the possibility of  infection with the 
organism under consideration. 
But, as I  have just said, my conclusion in reference to deviations 
from the  normal coincide with  those  of  Wldght,  only in a  general 
way, for I  have seen marked deviations both upward and downward 
for various organisms in cases in which there was not a  correspond- 
ing infection; and the  fact,  moreover,  that  in some of  these  cases, 
at  any rate,  the  deviations had  reference not to  a  single species  of 
organism seems to me to be further evidence to show that the opso- 
nins in question were not specific. 
One  case  in  point  (Mason)  was  one  of  syphilis  of  the  liver with  ascites; 
there  was  no  evidence  whatever  of  tuberculosis,  while  the  tuberculo-opsonie 
index was  .27  . 
In a  second  case  of  hepatic  syphilis  with  ascites both  the  tuberculo-opsonic 
index and the staphylococcus  index were  increased, 1.  4 in the case  of the former 
and 1. 3 in the latter  (the bacillary indices were 2.6 and 2.3  respectively). 
In a case  of sarcoma of the breast and the axillary glands the tubercle index 
was  .4o and the staphylococcus  index .73  (the bacillary indices -39 and -37). 
A  typhoid  patient in the  second  week  of the  disease  gave  a  staphylococcus 
index  of  1.46 (1.85 bacillary),  in  the  absence  of  any  apparent  staphylococcus 
infection. 506  Contribution  to  Knowledge  of  Opsonfi~s. 
I  further  append  some  staphylococcus  citreus  values,  obtained 
with  my  method  of  dilution,  in  cases  in  which  a  citreus  infection 
could hardly be assumed to have existed. 
TABLE  VIII. 
Disease.  ,:4  o Dilution. 
Normal  (average). 
Appendicitis. 10 
Myelogenous leuk~emia. 11 
Syphilitic ulcer of c~ecum. 
Carcinoma  (generalized). 
Appendicitis. 
Retroperitoneal sarcoma. 
Syphilitic cirrhosis. 
Pneumonia. 
Pneumonia. 
General carcinomatosis. 
Appendicitis. 
Pneumonia. 
Appendicitis. 
Beri-beri. 
Ruptured extra-uterine pregnancy. 
Melanotic sarcoma. 
Pernicious anemia. 
Spleno-medullary pseudo-leuk~emia. 
z:2o Dilution.  i:3o Dilution. 
37.2  19.4 
96  88 
--  6 
18  O 
O  3 
96  92 
--  68 
IOO  96 
I00  9  2 
ioo  88 
IOO  92 
IOO  IOO 
Too  88 
20  --- 
4  o 
I2  4 
8 
92  42 
88  6o 
9.2 
O 
O 
O 
80 
64 
88 
84 
64 
IOO 
6o 
o 
o 
o 
o 
28 
2O 
With  these  various  facts  before  us,  I  believe,  the  conclusion  is 
justifiable  that  granting  the  opsonins  to  be  definite  entities  their 
specificity,  even  in ca,~es of  infection  has  not yt  been  established, 
although  certain data seem to point in that direction. 
oPsoNIc  IMMUNITY. 
From  the  writings  of  Wright  the  majority  of  his  readers  no 
doubt  have  gained  the  impression  that  as  a  consequence  of  suc- 
cessive inoculations  of bacterial vaccines an opsonic immunity grad- 
ually  becomes  established,  which  would  be  characterized  by  a  per- 
sistingly high index, a continuous  "high tide phase" to use Wright's 
own  expression.  Unfortunately  there  are  no  exact  data  published 
by Wright  to  throw  light  upon  this  question.  My  own  investiga- 
~°I  have  included  appendicitis  cases  in  this  table,  since  staphylococci  are 
only  very  rarely  found  under  these  conditions  and  there  is  little  reason  to 
assume  that they were staphylococcus  infections. 
11 This  low value  was  obtained  during a period  of great  improvement in  the 
patient's  condition  with  practically  normal blood  picture. K- 
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tions  in  this  direction  have  reference  almost  exclusively to  tuber- 
cular  and  staphylococcus  cases.  I  have  already  pointed  out  that 
many cases, of this kind, occur in which the index at the very outset 
of immunization  is not materially lowered and that no very marked 
fluctuations  may  occur.  In  such  cases  successive  inoculations  of 
the corresponding vaccines brought about no material change in the 
height  of  the  index,  as  compared  with  the  normal.  With  small 
doses no negative phases  were observed which could not  readily be 
explained as being due to unavoidable errors  of technique.  Within 
a  day or two there was usually  (but not always)  a  rise in the index 
which  then  dropped  again  to near  the  normal  line  (Curve  III,  IV 
and  V).  A  distinct  and persistent  rise was only observed in  cases 
in  which  the  nutrition  of  the  patient  was  markedly  below  the 
normal  at the start.  As this  improved  (during  the process of im- 
munization)  the  index  gradually  rose  to  normal,  without  any 
marked  fluctuations.  In  one  instance  (Curve  VI)  remarkable 
variations  then  occurred  (the  patient  steadily  improving),  but  it 
will be noted without a persistingly upward tendency. 
In no instance was a  continued high tide observed and after sev- 
eral months of active immunization  the index was not found higher 
than  normal  (Curve  VII  and  VIII).  The  patient  from  whom 
Curve  IV  was taken  had  been under  vaccine  treatment  for  nearly 
a  year. 
Animal  experiments  led  to  the  same  result.  We  may  accord- 
ingly  conclude  that  in  the  case  of  the  tubercle  bacillus  and  the 
staphylococcus  a  study  of  the  opsonic  content  of  the  blood  by 
Wright's  method  shows  no  evidence  of  the  development  of  an 
opsonic  immunity,  which  likewise argues  against  the  specificity of 
the  opsonins.  The  available  literature  having  reference  to  this 
point  is  still  too meager  to  furnish  any data  which  could be inter- 
preted  as  evidence either  for or against  this  conclusion,  but  I  note 
that Bulloch states that "in most cases the high tide is in the course 
of a  few days succeeded by a  fall again ....  In  spite  of  this  the 
improvement  may continue,  a  fact  which  leads  me to  assume that 
there  are  other  factors  at  work  which  at  the  present  time  cannot 
be  measured."  This  coincides  with  my  own  views  and  I  would 
emphasize  that  no matter  what the  future  of the opsonic  "index" Charles  E.  Simon.  511 
may be there can be no doubt whatsoever that remarkably beneficial 
results  can  be  reached  by  means  of  bacterial  vaccines  and  that 
Wright  deserves  full  credit  for  having  generalized  this  principle 
of immunization  in human  therapeutics. 
oPsol~II~S  AND  AGGRESSINS. 
In order to ascertain whether  the lowered opsonlc content which 
may be observed in the  various  bacterial  infections  is  referable to 
an insufficient production of opsonic material or to the simultaneous 
presence of inhibitory substances  (aggressins,  endotoxins),  a  series 
of experiments was undertaken  in which the blood of infected indi- 
viduals was added to normal blood and the phagocytic power of the 
mixed  blood  compared  with  the  normal.  My  results  are  not  yet 
numerous enough to warrant  any definite conclusions, but they show 
that  in some instances  in which  the patient's  index was low, a  dis- 
tinct  inhibitory  effect occurs.  That  this  is  not  the  expression of 
dilution  merely, with a  serum of lowered bacterial  content,  is clear 
from the fact that the substitution of saline solution for the patient's 
blood does not cause a  corresponding  effect. 
Example  /.--The  patient  was  a  young  girl  with  generalized  septic~emla  fol- 
lowing an appendectomy.  Her opsonic content on Nov. 25, measured by my per- 
centage  method,  was  18;  the  normal  control  value  was  72,  and  her  percentage 
index  accordingly  .25.  A  mixture  of  equal  volumes  of  the  control  serum  and 
saline  solution  gave  32  per  cent.,  corresponding  to  an  index  of  .44,  while  a 
mixture of the patient's and the control  serum  gave only 16  (index  .22).  There 
was  thus a  drop  of  5o per cent.,  which,  I  think, cannot be otherwise  interpreted 
than  as  being  due  to  the  action  of  inhibitory substances  in  the  patient's  serum. 
Such  results,  however,  were  exceptional  and  not  constant  even 
in one and  the same individual.  At times,  indeed,  the mixed  sera 
gave  higher  values  than  the  control,  conveying  the  impression  as 
though  the  normal  serum  had  liberated  a  bound  quotum  of  the 
patient's  opsonins.  If this  idea  of bound  opsonins  in  the  infected 
individual  could  be  shown  to  hold  good,  it  would  explain  the 
curious  fact  that  notwithstanding  the  existence  of  such  infections 
in which the process of phagocytosis is the only method of defense 
of  which  we  have  evidence,  normal  values  are  so  frequently  ob- 
served  although  active  symptoms exist,  from  which  we would ex- 
pect to find the opsonins either high or low, but certainly not normal. 512  Co~#ribution  to  K~wwledge  of  Opso~ffns. 
Example  II.--On  the  sixteenth  of  February  the  percentage  value  of  the 
patient  referred  to  in  Example  I  was  2o,  while  the  control  was  72;  her  index 
hence  was  .27.  The  mixture  of  control  and  saline  gave  4o,  i.  e.,  an  index  of 
.55,  while that  of the  patient's and  the  control  serum  was  8o,  corresponding to 
an index of I.II  and representing an increase of IOO per cent. 
E.vample  III.--In  a  woman  following  hysterorrhaphy  a  mixed  staphylo- 
coccus  and  streptococcus  septic~emia  developed.  Her  percentage  value  for  the 
staphylococcus  was  76,  while  the  control  was  exactly  the  same  and  her  index 
hence  I.OO.  The  mixture  of the  control  and  saline  gave  60  (index  .78),  while 
that  of  the  patient's  serum  and  the  control  was  92  and  the  index  hence  1.2r, 
representing an increase of about 50 per cent. 
Working  with  exudates  I  have  repeatedly noted  that  their  addi- 
tion to normal  serum causes a  more marked drop in the phagocytic 
index than the corresponding blood serum.  This  is manifestly not 
due to a lower content in opsonic material per se, as transudates and 
cystic  fluids  likewise  furnish  lower  values;  but  their  admixture 
(when  fresh)  to normal  serum does not bring about a  correspond- 
ing  decrease. 
Example IV.--The percentage phagocytic value of a  specimen of fresh hydro- 
eele fluid  was  12,  while that of the normal blood  serum  was 72;  the index thus 
was  .16.  The  mixture  of  control  serum  and  saline  gave  52  (index  .72)  and 
that  of  the  sermn  and  hydrocele  fluid  48,  corresponding to  an  index  of  .66, 
thus  showing no  material  effect. 
Example  V.--A  specimen  of  fluid  was  obtained  from  an  intraligamentary 
cyst;  its  phagocytic value  was  16  per  cent.  and  that  of  the  control  serum 76; 
the  index hence .21.  Equal  parts of serum and  saline  gave 42  per  cent.  (index 
•  55)  and  of  saline and  cystic fluid  48  per  cent.  (index  .63). 
Example  VI.--Fluid  from  an  ovarian  cyst;  phagocytic  value  4  per  cent. 
(index .IO)  ; equal parts of control serum and saline gave 32 per cent  (index .8o) 
and of saline and cystic fluid 28 per cent.  (index .9o). 
There  is  thus  no  evidence  of  any  inhibitory  action  whatever. 
But  with  exudates,  as  I  have  said,  there  is  often  a  marked  effect 
upon the phagocytic power which  I  hardly  think  can be interpreted 
otherwise than as being due to definite inhibitory substances. 
Example  VIL--Mrs.  C.,  the  patient  referred  to  before  (Example  III). 
The staphylococcus value of the pleural  exudate in this case was 48  (index .63), 
while  with  the  streptococcus  no  phagocytosis  whatever  was  observed.  It  is 
interesting  to  note  that  the  exudate  contained  streptococci  in  large  numbers, 
which were cultivated  from the exudate and  from  the patient's blood, while the 
staphylococcus infection was apparently localized.  The mixture of normal sermn 
and  saline for the staphylococcus gave 76  and  for serum and  exudate 8o  (index 
I.O5),  while  with  the  streptococcus the values  were 42  and  I2  respectively, giv- 
ing  an  index  of  .23, thus  showing a  decrease  of  over  7o  per  cent.  (!),  which, 
as  I  have said  before, must be  attributed  to  the action  of  inhibitory  substances. Charles  E.  Simon.  513 
The  following example shows a  similar effect. 
Example  VIII.--The  patient  was  an  old  gentleman,  act.  about  7o,  with  em- 
pyema.  The  phagocytic power of his blood serum  was 88  per cent., correspond- 
ing to a  control of 72, thus giving an  index of I.II ; the value of the exudate was 
12:  and  the  index  hence  .16.  Equal  parts  of  normal  serum  and  saline  gave  6o 
per cent.  (index .88)  and of normal serum and  exudate  12  per cent.  (index .16) 
showing a  drop of about 8o per cent. ! 
The  patient  died  a  few  days  later  and  the  exudate  which  was 
drawn off after death again examined.  Its direct phagocytic value 
was 4  (index .IO) ; normal serum and saline gave 32  (index .8o) 
and saline and exudate 8  (index .2o),  thus  showing a  decrease of 
75 per cent. [ 
Example  IX.--(Same patient  as  Example I.)  Within  forty-eight hours  pre- 
ceding  death  ascites  developed and  in  the  exudate  chain  cocci,  diplococci  and 
bacilli  were  found  in  immense numbers.  Some of the material  was  freed  from 
bacteria  by  prolonged  centrifugation and  then  showed  a  staphyloccus  value  of 
4  per  cent.  (index  .16);  normal  serum  and  saline  gave  16  per  cent.  and  with 
serum and exudate no phagocytosis whatever occurred--a loss of ioo per cent. ! ! 
Of the character of the inhibitory substances in the blood and in 
the  exudates  of  infected  individuals  nothing  is  known.  I  have 
some evidence, which suggests that they are comparatively unstable, 
but  am  not  prepared  to  discuss  this  phase  of  the  subject  at  the 
present time.  Whether or not they are of bacterial origin and of 
the nature  of  aggressins  (viz.,  endotoxins),  or  whether they are 
products of autolysis referable to the cells of the infected individual 
future  research will have to  show,  but  their  demonstration in  the 
blood and exudates renders it possible, if not probable, that the low 
opsonic  values  which  are  so  frequently seen  in  the  various  infec- 
tions  may be due in  part  at  least to  the simultaneous presence of 
antagonistic substances. 
CONCLUSIONS. 
I.  The determination of Wright's  index of the opsonic content 
of the blood and other fluids of the body is open to serious and in 
part  unavoidable  errors  and  should  be  abandoned  in  its  present 
form. 
2.  Conclusions based upon the determination of the opsonic con- 
tent  of the blood,  according to  Wright's  method,  are accordingly 
not uniformly reliable. 514  Contribution  to  Knowledge of  Opsoni~s. 
3.  The percentage index is a valuable check on Wright's bacillary 
index, but likewise does not furnish an adequate idea of the opsonic 
content of the blood,  unless  carried out with progressive dilutions 
to the point of opsonic extinction. 
4.  The opsonins of normal blood serum are not specific. 
5.  The  specificity of  the  opsonins  in  "immune"  sera  has  not 
been satisfactorily established, but appears probable. 
6.  An opsonic immunity, in the sense of a continued high opsonic 
content of the blood does not exist. 
7.  In  the blood  and  exudates  of  infected individuals  substances 
may be present which exercise an inhibitory effect upon phagocytosis. 